SUMMARY:
The INTRODUCTION ML-236B, whose structure is shown in Fig. 1 , is a fungal metabolite with a potent inhibitory activity to sterol synthesis both in vitro and in vivo (Endo, Kuroda and Tsujita, 1976; Endo, Kuroda and Tanzawa, 1976; Endo et al., 1977a) . It acts as a specific competitive inhibitor of the regulatory enzyme 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reducatase (Dempsey, 1974) in cho lesterol biosynthesis (Endo, Kuroda and Tsujita, 1976; Endo, Kuroda and Tan zawa, 1976; Endo et al., 1977a) . Hypocholesterolemic effects of this inhibitor have been shown in hens, dogs and monkeys (Endo et al., 1977b) as well as rats (Endo, Kuroda and Tsujita, 1976; Kuroda et al., 1977) .
When cells are cultured in the medium supplemented with lipoproteins containing cholesterol, the exogenous sterol is utilized and the rate of sterol synthesis is diminished due to a suppressed activity of HMG-CoA reductase Fig. 1 . Structure of ML-236B. (Brown et al., 1976; Rothblat and Buchko, 1971) . Cells growing in a chemically defined sterol-free medium, however, must synthesize cholesterol or desmosterol in the case of L and LM cells for their membrane formation (Rothblat et al ., 1970; Sokoloff and Rothblat, 1972) through the whole pathway of sterol bio synthesis. Therefore, LM cells, which are capable of growing in the medium free from both cholesterol and serum (Glaser, Ferguson and Vagelos, 1975) , are expected to alter their sterol content of membranes with inhibitors that affect sterol synthesis. LM cells have been successfully utilized for the modification of membrane phospholipids by their polar head groups (Glaser, Ferguson and Vagelos, 1975; Blank et al., 1975; Schroeder et al., 1976) as well as their acyl groups (Wisnieski , Williams and Fox, 1973; Ferguson et al., 1975; Doi et al., 1978) and are known to have an advantage for the studies in the roles of lipids , especially phospho lipids and sterols, in the membranes of mammalian cells since this cell line can grow in a chemically defined medium (Glaser, Ferguson and Vagelos, 1975) .
The data presented in this paper indicate that incubation of LM cells with ML-236B diminishes the cellular content of desmosterol, results in the reduction or cessation of the cell growth, and creates a requirement for an external supply of mevalonate, an intermediate in sterol biosynthesis, or cholesterol .
MATERIALS AND METHODS
All radioactive chemicals were obtained from New England Nuclear Corp ., Boston, MA, U.S.A.). The sodium salt of ML-236B was obtained as described previously (Endo, Kuroda and Tanzawa, 1976) . Mouse LM cells (kindly supplied by Dr. Friedhelm Schroeder) were grown in suspension in a serum-free , modified Higuchi medium as reported by Schroeder et al. (1976) . Cell number was counted with a hemocytometer (American Optical Co., Buffalo , NY, U.S.A.) Delipidated serum was prepared by the method of Cham and Knowles (1976) with slight modifications. Ten milliliters of calf serum (Flow Laboratories , Rockville, MD, U.S.A.) were mixed with 20 ml of n-butanol-diisopropyl ether (4:6 , by vol.) in a 100-m1 Monod tube and the mixture was shaken on a reciprocal shaker at room temperature for 12 hr, followed by centrifugation at 3 ,000 rpm for 2.5, 5 and 10 hr to ML-236B, respectively. These results suggest that the ML-236B-induced inhibition is reversible depending upon the drug concentration and exposure period (Fig. 3) . The growth of cells was also inhibited by ML-236B when they were grown in the medium supplemented with 5% whole calf serum. Concentrations o£ ML-236B required to arrest growth under these conditions were, however, approximately 10 times higher than those required for the growth inhibition when cells were cultured in the cholesterol-free medium (data not shown).
Effects of ML-236B on the sterol content of cells are shown in Table I . After 2 days of incubation with ML-236B in amounts sufficient to inhibit cell growth by over 95%, desmosterol content of cells was reduced to 40-45% that of control cultures. The reduced desmosterol content of cells was restored top 70-80% that of controls by the addition of mevalonate to the medium, while acetate, lanosterol and cholesterol showed little or no effects on the cellular levels of desmosterol in the presence of ML-236B. None of these affected the cellular desmosterol content when added alone in the absence of ML-236B. When the culture medium was supplemented with delipidated calf serum, concentrations of cholesterol in the cells increased markedly both in the presence and absence of ML-236B, resulting in a marked elevation of cellular levels of delipidated calf serum added to the culture medium (Fig. 2) . Sterol synthesis from [14C] acetate in LM cells is highly sensitive to ML-236B, while [3H] mevalonate incorporation into desmosterol and syntheses of other lipids and macromolecules like DNA, RNA and protein are not affected by ML-236B under such conditions that sterol synthesis from acetate and cell growth are totally blocked. These facts indicate that the inhibitory effects of ML-236B reside on the pathway of sterol synthesis. It is likely that the growth inhibition by ML-236B is due to the deficiency in cellular content of desmosterol caused by the inhibition of sterol biosynthesis. Unlike cholesterol, lanosterol, in spite of its poor incorporation into cells, is inhibitory to the growth of cells cultured in both serum-free chemically defined medium and medium supplemented with delipidated calf serum. However, it is not clear whether lanosterol itself is responsible for this growth inhibition or not, since the lanosterol preparation used in this study is contaminated with dihydrolanosterol. It is now an established fact that alteration of the concentration or composition or both of membrane sterol in mammalian cells changes the fluidity of the membrane, or possibly more directly, affects specific functions such as ion transport and enzyme activities (Gomperts, 1977) . In this respect, studies an the structure and function of biomembranes may be facilitated by the use of such a specific inhibitor of sterol synthesis as ML-236B.
